The cells of a streptomycin-dependent strain of Bacillus megaterium took up only 2 to 5% of the dihydrostreptomycin present in the medium when grown in the minimum concentration of streptomycin required for growth. During growth in the presence of 3H-dihydrostreptomycin, radioactivity was accumulated intracellularly in three forms, namely, unbound, loosely bound to the ribosomes (removable by dialysis), and tightly bound to the ribosomes (retained after prolonged dialysis). More radioactivity for a given amount of ribonucleic acid was bound by ribosomes attached to the cell membrane than by supernatant ribosomes. Of the nondialyzable radioactivity associated with isolated ribonucleic acid, 40 to 60% was solubilized by treatment with ribonuclease or by dilute alkaline hydrolysis.
The response of bacteria to streptomycin, i.e., susceptibility, resistance, or dependence, is thought to be determined by differences in ribosomal structure (10) . Moreover, it has been suggested that ribosomes of streptomycin-dependent organisms contain a genetic defect in structure which can be repaired by combination of the ribosomes with streptomycin (9) . If this were the case, one would expect streptomycin to be bound to the ribosomes of streptomycin-dependent organisms during growth in the presence of the antibiotic.
Direct studies of the binding of labeled streptomycin to isolated ribosomes have shown that ribosomes from a parent susceptible strain of Bacillus megaterium bind more antibiotic than do ribosomes from resistant or dependent mutants (11) . The lesser amount bound in vitro by the ribosomes of the dependent cells was attributed to partial saturation of binding sites during growth with unlabeled streptomycin. We here report studies on the distribution of antibiotic in cells of dependent B. megaterium. The results show that, during growth in the presence of 3H-dihydrostreptomycin, a significant amount of the cellular radioactivity is indeed associated with ribosomes, the greater part in a loose association and a smaller portion tightly bound.
MATERIALS AND METHODS
Organism, media, and growth of cultures. Stock cultures of the streptomycin-dependent strain of B.
megaterium previously used (6) were maintained in Trypticase Soy Agar (BBL), containing 1 mg of unlabeled streptomycin per ml. For mass cultures, inocula (5 to 10%) were grown for 6 to 8 hr in the minimal medium of Haas and Doudney (3) with the citrate omitted and with the addition of the minimal amount of unlabeled streptomycin (25 ,ug/ml) which would allow growth of this strain in this medium. 3H-dihydrostreptomycin was also added at the time of inoculation. Several 1-liter cultures in this medium were grown on a shaker for 18 to 24 hr at 37 C. Cells were harvested by centrifugation and washed twice in TMgSm buffer [0.04 M tris(hydroxymethyl)aminomethane, 0.01 M MgCl2, 1 mg (per ml) of unlabeled streptomycin (pH 7.4)]. The cells were then resuspended in TMgSm buffer (5% of the volume of the growth medium) and were stored at -15 C.
Fractionation of cells. After rupture of the cells by oscillation for 30 min in a 10-kc Raytheon sonic oscillator at a temperature less than 10 C, the suspension was centrifuged at 4 C for 30 min at 12,000 X g. The pellet (cell wall-cell membrane fraction) was resuspended in TMgSm buffer to half the volume of washed cells, and the supernatant fluid was further fractionated by centrifugation at 100,000 X g for 2 hr in a Spinco (model L) ultracentrifuge. The supernatant liquid was decanted and the pellet (ribosomal fraction) was resuspended in TMgSm buffer.
To study the tightness of the binding of 3H-dihydrostreptomycin to the cell fractions, samples were dialyzed at 6 C against 400-fold volumes of TMgSm buffer. The dialysis fluid was changed at 10-or 12-hr intervals as indicated.
Isolation of ribonucleic acid (RNA). RNA was isolated by a phenol-ethyl alcohol procedure patterned after that of Kirby (5 
RESULTS
Cells of a streptomycin-dependent strain of B. megaterium took up only 2 to 5% of the 3H-dihydrostreptomycin present in the medium when grown in the presence of the minimum concentration of streptomycin required for growth (Table 1) ; similar results were obtained with 14C& streptomycin as the tracer. These results are quite compatible with those of Engelberg and Artman (1), who found that growing cells of a streptomycin-dependent strain of E. coli incorporated 2.9% of the streptomycin from a medium containing 13.6 ,g/ml.
Fractionation of the dependent cells by differential centrifugation showed that the ribosomal fraction contained 10 to 16% and the cell wall-cell membrane fraction 21 to 25% of the total cellular radioactivity ( Table 2 ). The remainder of the radioactivity was not sedimented, even after 2 hr, at a relative centrifugal force of 100,000 X g. This soluble material was almost completely removed by dialysis (Fig. 1) and probably represented an intracellular pool of free dihydrostreptomycin. The soluble fraction inhibited the growth of a streptomycin-susceptible strain of E. coli and had no effect on the growth of a resistant strain. Paper chromatography with 3% NH4Cl, followed by bioassay, showed that the radioactivity had the same mobility as dihydrostreptomycin. The wallmembrane and the ribosomal fractions also contained some antibiotic activity against streptomycin-susceptible E. coli; this activity was removable by dialysis.
In the contrast to the soluble fraction, the cell wall-cell membrane fraction and the ribosomal fraction retained 50 to 70% of their radioactivity after 10 hr of dialysis against TMgSm buffer and retained 28 to 38% after dialysis for 58 hr (Fig. 1) . This tightly bound radioactivity was almost equally divided between the two particulate frac- Confirmation that the intracellular nondialyzable radioactivity was associated with RNA is shown in Tables 4 and 5 . RNA was isolated from the membrane fraction and from the supematant fluid of the membrane fraction (i.e., the mixed ribosomal and soluble fractions). The recovery of radioactivity was, within experimental error, the same as the recovery of RNA (Table 4) . Subsequent treatment, with ribonuclease or KOH, of the labeled RNA isolated from these fractions solubilized 40 to 60% of the radioactivity ( Table   5 ).
The ratio of tightly bound radioactivity to RNA was much lower in the supernatant fluid of the membrane fraction than in the membrane itself (Table 4) . Part of this differential was due to the fact that the supernatant fluid from the membrane fraction contained not only ribosomal RNA but also soluble RNA, which binds very little streptomycin in a nondialyzable form (Table 3 , Fig. 1) ; however, the amount ofsolubleRNA present in this fraction was not of sufficient magnitude to explain the observed differences. These results were therefore interpreted to mean that more radioactivity for a given amount of RNA was bound by membrane-associated ribosomes than by cytoplasmic ribosomes.
DIscussIoN
An important assumption which we have made is that the intracellular radioactivity represents undegraded antibiotic. We believe that this assumption is justified for the following reasons: (i) all the radioactivity originated as 3H-dihydrostreptomycin; (ii) the radioactivity in the soluble fraction had the mobility of dihydrostreptomycin and acted appropriately with streptomycin-susceptible and streptomycin-resistant E. coli; (iii) at least some of the antibiotic in the particulate fractions had antibiotic activity; (iv) Hancock (4) found that more than 90% of the radioactivity of N4C-streptomycin taken up by B. megaterium represented unchanged streptomycin.
If intracellular location can be used as a criterion for function, the results reported here indicate a role for streptomycin either in the development or maintenance of ribosomal struc- (9) , it was reported that, in a dependent strain of E. coli, half of the cell-bound streptomycin could be extracted with hot water and the remainder with hot perchloric acid. Hancock (4), using a streptomycin-susceptible strain of B. megaterium and '4C-streptomycin of low specific activity, found that exposure of growing cells to both subinhibitory and to lethal concentrations of the antibiotic led to some irreversible binding, the major part in the cell fraction which sedimented with the ribosomes. In addition, his data indicate that a portion of the antibiotic was bound to protoplast ghosts and was partially released therefrom by treatment with ribonuclease.
Binding to ribosomes during growth would explain the lack of a requirement of dependent ribosomes for streptomycin in the in vitro protein-synthesizing system of E. coli (2) . Binding to ribosomes in growing cells would also explain the lesser "affinity" for streptomycin and dihydrostreptomycin of ribosomes isolated from dependent B. megaterium (11) . In that in vitro system, binding of added 3H-dihydrostreptomycin was completely reversible; i.e., the bound antibiotic could be completely removed by dialysis, bound again by a second exposure to the ribosomes, removed again, etc. These findings would imply the existence of two sorts of binding sites on ribosomes, one of which during growth in the presence of the antibiotic irreversibly binds streptomycin. Seeds, Retsema, and Conway (8), as well as other workers, have proposed the existence on isolated ribosomes of multiple binding sites for amino-acyl-transfer RNA, and the selective inhibition of certain sites by streptomycin. 
